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AContext from prior research: Decomposition, capacity fade rate and how to measure it
AExtremely stable anionic viologen active species enabling CEM
ARecord-breaking low fade rate from quinones informed by mechanistic understanding

AEnhanced power density through engineering electrode design & operating parameters
AReview of ASO capacity fade rates from all published studies
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Harvard Milestones, 9/10/20190 9/9/2020

(1) Reduce capacity fade rate of full cell to < 0.02%/day
A achieved 0.0018%/day (<1%/yr)
(2) Utilize understanding of electrode science & engineering
to raise peak galvanic power density from 0.24 to 0.35 W/cm?.

A achieved 0.40 W/cm?
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Context from our Prior Research: Capacity Fade Rate
Depends Mainly on SOC, not Cycle Rate

Unbalanced compositionally-symmetric
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Context from our Prior Research: Potentiostatic Cycling
Eliminates Capacity Fade Artifact from ASR Dirift

Unbalanced compositionally-symmetric
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A pH 9 Agueous Flow Battery with
Anionic Viologen Species Enabling Cation Exchange Membrane

Negative couple: BPP-Viologen
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Extremely Low Fade Rate of Anionic Viologen

Negative couple: BPP-Viologen

Positive couple:
1.0 M (27 Ah/L); 6.2 mL; pH 9
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Setting New Records for Low Capacity Fade Rates

Methuselah I: 2,6-di-butanoate ether anthraquinone (DBEAQ): Capamty fade rate 0.04%/day
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Methuselah II: 2,6-di-propyl-phosphonate ether anthraquinone (DPPEAQ): Fade rate 0.014%/day
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Performance of Slowest-Fading Molecule: DPIVOHAQ
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Negative di-pivolic acid
Species: anthraquinone (DPivOHAQ)
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Mechanism-Informed Electrolyte Design
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Enhancing Power Density

Investigation of numerous electrode materials
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